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FIELD OF INVENTION 

The present invention pertains to field of devices for supporting the rails of a railway. 
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BACKGROUND OF THE INVENTION 

Significant and fr e qu e ntly critical part of track loading scenario i s the reaction of th e 
track to compl e x dynamic force s that r e fl e ct dynamic excitation of the vehicle that is generated 
by random irr e gularities of th e track geometry and by variations of track stiffness: However, the 
conventional track design methods addr e ss these issues by time - ind e p e nd e nt static design 
approach e s only. As a r e sult, analyses of dynamic traok/train interaction syst e ms that capture 
interdep e ndence of track and train compon e nt s illustrated in Fig. 6 are not usually provided. In 
r e ality, dynamic forc es from vehicle s ar e not e qual to th e static reaction of th e track a s it is 
typically assum e d by the contemporary state of th e art in th e track design fi e ld. 

Th e devic e s inv e nted by Mo Court, RL Prater, Hormsen^ Vanotti, B e igl, Prattcr, 
Vanhonackcr, Farosc, and Me Callum provid e constant s tatic r e siliency within th e ties or on the 
ti e s. How e ver, they do not address the actual dynamic response of track structure within th e 
rel e vant dynamic track/train interaction syst e m. In particular, th e s e and similar d e vic e s lack 
dynamic dampening as the single and most critical dynamic track performance parameter 
directly rotat e d to th e long e vity of th e track structur e . Consequently, performance of th o se 
s yst e m s is incid e ntal in spite of th e resiliency they offer. In most of thes e and s imilar oases, 
int e nse corr e ctional maintenance i s n e cessary so that in s tanc e s of significant acc e ptanc e in 
railway practice arc rar e . Only th e Sonneviil e 's LVT ballastless track syst e m is dynamically 
design e d and provid e s e xtraordinary dampening. Its installations in Euro - tunnel betw e en France 
and Unit e d Kingdom, and on fourt ee n rapid transit and railroad track systems worldwide provid e 
unpr e cedented reduction of track maintenance. However, the Sonncville's LVT system is 
r e strict e d to ballastles s track and used exclusively wh e r e concrete tunnel inv e rts and bridg e slabs 
e xist to provide firm structural foundation. Thi s r e striction simplifie s th e dynamic traok/train 
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interaction syst e m, eliminat e s voidability of subgrad e and foundation soils indicat e d in Fig 6 and 
lead s to a s p e cific product nam e d Low Vibration Track (LVT) produced by Perman e nt Way 
Corporation and Sonn e villc International Corporation. Sonnovill e exclud e s utilization of LVT 
s yst e m in ballasted track because the potential dynamic instabilities of foundation soil s and their 
variability along the railway line lead to e ntirely different dynamic loading patt e rns Th e 
inv e ntion of Int e rnally Resilient Ti e e xpands th e application of the damper like arrangement of 
independent block masses, prov e n by the Sonnovill e ' s LVT syst e m on ballastless track, to the 
ballast e d track cat e gory. This i s facilitated by further developm e nt of the dynamic track/train 
int e raction analyses and sp e cialized software for solving th e s y s tem shown in Fig. 6 
d e monstrated in its pr e d e cessor form in the referred FRA report DTFR 53 00 P00377, Jan H. 
Zioha, U p g rading Track and Roadfrcd for High Speed Operations, January 30, 2001, and by 
advanced geot e chnical exploration of foundation conditions of the track subgrade in the area of 
installation Internally Re s ilient Ties by specialized railway application of remot e sensing 
m e thods of engine e ring geophysics. 

Whil e th e Int e rnally R e silient Ties resembl e th e devices patent e d by Mc Court, 
HLPratcr, Harmsen, Vanotti, B e igl» Pratter, Vanhonaok c r, Far o se, Me Callum and Sonneville, 
they possesses improv e d prop e rties not sought or expected by prior art. Th e Internally R e sili e nt 
Ties ar e designed to r e sist actual dynamic loading force s acting in a ballasted track e xposed to 
high sp e ed and heavy axl e load operational e nvironments. 

Particularly unsuccessful w e re att e mpts of prior art to reduce ov e rall track stiffnes s by th e 
inoroase of resiliency of the rail pad elastomer located directly under the rail Th e rail pad is 
d es troy e d quickly by dynamic forces corresponding to high fr e qu e ncy vibration s if made 
s ufficiently soft to be effectual in th e r e duction of the overall track stiffn es s. For this r e ason, hard 
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rail pads must be us e d. The nominal stiffn e ss of a ballasted track equipped with standard 
concrete oross ti e s i s then usually higher than what corr e sponds to th e r e sult s of th e oretical 
analyses and to e mpirical findings. The probl e m i s particularly appar e nt on bridges and tunnel 
inv e rts with ballasted d e cks wh e re the deterioration of track geometry is particularly intense. 
Internally R e sili e nt Ti e s off e r suffici e nt r e duction of th e nominal track stiffness without 
compromising hardn es s of roil pads. 

All prior art concret e ti e s or e lifted during th e upward d e flection of the roil that occurs at 
a c e rtain di s tanc e from applied vertical wheel load. This upward mov e m e nt is a major 
contributor to th e deterioration of track g e om e try. This corresponds to th e experience with rail 
float on common wooden ties with eut spik e s. Wood e n ti e s with prop e rly install e d conventional 
out spikes used to secur e rail in its po s ition on th e ti e do not ris e because a small space 
corresponding to the upward deflection Of the rail is l e ft between the bottom contact surface of 
the cut spik e 's overhang and the upper contact surface of the rail's foot. This space facilitates the 
rail float, th e d e sir e d upward mov e m e nt of the rail without lifting the tie off its contact plan e 
with ballast. Internally r es ilient ties permit such a movement so that th e rail float is no longer 
r es trict e d to wood ti e s with out spik e s. 

Balfrstless railway track system? with independent bpoted frlopkg provide remarkable 
improvement of track/train interaction. Their installations in the Euro-tunnel between France and 
United Kingdom, and on twenty rapid transit and railroad track systems worldwide provide 
unprecedented reduction of track maintenance. This is accomplished by high levels of dynamic 
dampening and bv the additional level of track resiliency inherent to the booted block concept. 

In prior art these advantages are restricted to t he track systems with independent booted 
blocks where concrete tunnel inverts and bridge slabs exist to provide firm structural 
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foundations. However, similar booted blocks placed in railway ties (sleepers) have a potential to 
imprpve ball asted track as wplj Some pf thq early devices patgqted by M<? Court, H.LPrfler, 
Harmsen, Vanottl Beigl, Pratten Vanhonacker, Farese. and Mc Callum could serve this purpose 
if technologically updated. However, the prior art does not restrict the vertical travel of the 
frlogfcs # resonant frequents, frnd does not facilitate lifting th e tie? fry rails during the 
mechanized track installation and maintenance. The prior art would allow the blocks bounce 
uncontrollably at critical speed ranges, and the rail lifting during track installation and 
mamtenanpg will withdraw the blocks from the tkg, leaving the ties in plage. 

The Spread of stray currents is a major contrifritpr tp the deterioration of utility lipes and 
metal components of structures found near electrified railways, especially when direct current 
trqptipn pow er is used, A m^jor part pf the stray currents' vplume bypasses insulatprs tfrotig h the 
water foyer that exists on the surfaces of wet rail fasteners, insulators, tie blocks and ties, 
es pecially in rftiny feather. The problem pf the stray currents ggffl fre allevia t ed by usin g frapk 
insulation members with overhangs such as the ones commonly used on power lines that 
interrupt tfre surface water fryer. 

Th e s pr e ad of stray currents and decrease of cleotrioal resistanc e that i s needed for 
maintaining electrical track circuit s appear on any track during rainy weather. Stray currents 
constitut e major liability problems along el e ctrified railway lines due to deterioration of 
neighboring utilities. Whil e the insulators of track fastening devic e s ar e rigorou s ly tested, the 
leakage occur s mostly through th e wat e r lay e r, dust and steel filings pr e s e nt on the surface of 
track components. Thi s is because rail support assemblies of prior art do not involve insulators 
that would create dry ar e as under th e ir overhangs;, as it is the case in suspending pow e r 
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distribution lines. The Block Sl ee ve provid e s an Internally Resilient Ti e s involve and overhang 
that cr e at e s dry area to interrupt the surfac e wat e r lay e r: 

R e lativ e ly light use of steel ties i s attributed to th e ir actual or p e rceiv e d inadequat e 
e l e ctrical insulation charact e ristics Th e e nhanced e lectrical insulation properti e s of Internally 
R e silient Ti es may contribut e to increased utilization of ste e l ti e s in th e futur e . 

Th e balla s tl e ss track system s that involve large blocks enclos e d in rubb e r boots under th e 
rails, such as the r e ferr e d LVT system by Sonn e vill e , facilitate large consumption of kin e tic 
e n e rgy b e for e it r e ach e s th e main vibration - abating insulator, - How e v e r, the prior art blocks and 
additional compon e nts placed in ti e s of ballasted track are too light and small to off e r 
comparable enhancement of vibration abatement. Th e vibrations radiating from heavily trav e l e d 
lin e s e quipp e d with ballast e d track constitute major e nvironm e ntal probl e m s in large citi es 
r e gardless of the - typ e of rail support used. Th e mass e s of ind e p e nd e nt blocks used in the 
Int e rnally R e sili e nt Ti e s ar e s uffici e nt to r e sult in the d e sir e d r e duction of environmentally 
obj e ctionabl e vibration spr e ad. 
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ABSTRACT 

Releasable tie block retainers are attached to the main body of a typical tie (1) with two 
inserted blocks ^ internally resilient tio r the ti e oaso (1). Th e ti e oas c f IV The main body of a 
t ypical tie (1) includes two recesses to receive two independent tie blocks (2), preferably 
enclosed in rubber boots (4), equipped with standard rail fasteners (7) and protected with hard 
standard rail pads (5) , wherein one tie block (2) is placed under each running rail (3). A bottom 
elastomer (6) is preferably used jtqd located inside the boot under the tie block. In a s e quenc e of 
Internally R e sili e nt Ties, the masses of the blocks (2) and th e s pring rate s of bottom e la s tom e rs 
(6) can vary. The tie b lock retainer assemblies, consisting of components (8) through (16), keep 
the Jig blocks in the ti e main body e ase (1) when the Internally Re s ili e nt tie is lifted by rails 
while allowing small movement of the blocks upward to proving rail float . Also, the block 
retainers restrict the vertical travel of blocks at resonant loading frequencies. 

In order to decrease the current leakage, a non-metallic tie block sleeve (12) overhanging 
the edge of the tie block and s l o p in g down is incorporated to insulate the rails. A non-motallio 
insulating collar (12), overhanging th e e dg e of the block and sloping down, is plac e d around the 
upper p e rim e t e r of each block. 



7 



MARKED COPY 

BRffiF-SUMMARY OF THE INVENTION 

Installation oflntemally Resilient Ties in a ballasted track facilitate s optimization of th e 
dynamic track/train interaction regime according to a model illustrat e d on Fig. 6 to r e duce track 
maintenance and to allow speed incr e ases without costly de e p soil replacements that ar e 
conv e ntionally performed to remove naturally occurring variations of th e track foundation: 
Unless th e soil s are exceptionally weak, this optimization is achi e ved by varying the spring rate 
of the bottom e la s tom e r (6), by varying th e ma ss of the independent block (2), and by choo s ing 
dimensions and material s of the ass e mbly to provide high dynamic dampening. 
On e ind e pendent block (2) is placed under each rail (3) in a rec e ss inside the tie case (1). Th e rail 
i s attached to the independent block (2) by a thrcadloss standard conventional fastener (7), Th e 
rail (3) is seated on a standard conv e ntional elastomerio rail pad so that the mass of the block (2) 
is placed betw ee n two elastom e rs what results in its dynamic damp e r action. Dynamic forces 
corr e sponding to high frequency vibrations are abat e d by a standard rail pad of sufficient and 
constant hardn e ss while the s tiffn e ss variation s and nominal track stiffness adjustment of the 
assembly are perform e d at th e eiastomeric bottom pad (6) under the block in th e context of th e 
broader dynamio track/train interaction control. This featur e has a pot e ntial of optimizing 
nominal stiffness of a track equipped with concrete ties and eliminating the increased track 
maint e nance inten s ity e xperienc e d on continuously ballast e d bridges and tunn e l inv e rt s . 

The independent block (2) is prevent e d Releasable block retainer assemblies (8 through 
16) prevent the ind e penden t tie block (2) from being pulled out of th e main body of the t ie ease 
(1) by block retainer ass e mblies (8 through 16) w hen the Internally Resilient tie is lifted by rail 
(3) during track installation and maintenance. Also, tie block-retaining assemblies restrict its 
vertical movement at resonant frequencies . However, a small movement is allowed and elastic 
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restrain are i§ provided to facilitate rail float. The rail float allows a slight upward movement of 
the rail with attached blocks during the uplift phase of the rail deflection, while leaving the main 
body of the tie ( 1) in place, o o that the intensity of track maintenance ia r e duced. T he interface 
Of the tie's botto m plane and the supporting ballast thus remains undisturbed so that the track 
geometry deterioration and track main tenance intensity are reduced. The accuracy of the vertical 
travel control is enhanced bv the optional features (14) and (15^ that provide controllable mating 
surfaces on the top of the retained tie blocks (2). 

The releasing and retaining portion of thejie_block retainer is thread-less to eliminate 
maintenance-intensive loosening of corroded threaded components. 

The pin (1 1) and retaining elements of the tie block retainer (9) and (10) can be readily 
removed to allow a complete withdrawal of tie blocks and boots from the tie for quality control, 
main t enance, or replacement of tie blocks, boots and otherwise inaccessible elastomers 

The tie block sleeve is an optional A non-metallic collar (12) Jbjj is attached on the top of 
the block (2) to provide a dry area under its overhang. The surface leakage of stray electric 
currents i s thus interrupted by the dry area . 

The tie bloc k retainer is designed to span over the tie block sleeve. 
Large enough masses of independent blocks (2) ar e used to facilitate absorption of significant 
portion of kin e tic e n e rgy of environmental vibration s befor e the bottom e lastom e rio pad (6) is 
mobiliz e d so that unpr e c e d e nt e d l e v e l s of vibration insulation of ballasted track ar e available to 
solv e relevant environmental way - side probl e m s in populat e d areas. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 includes elevation, crossection and plan view of tie block retainers and tie block 
sleeves installed on a concrete tie wit h Internally Rc s iliont Tio with Indep e nd e nt Booted tig 
blocks and Concrete Case constructed in accordanc e with th e pr e sent intention and for use on 
ballasted track. 

Fig. 2 includes elevation, crossection and plan view o f tie block retainers and tie block 
sleeves installed on a steel tie with Internally Re s ilient Tic with Indep e nd e nt Boot e d deblocks 
and St ee l Cas e construct e d in accordanc e with the present int e ntion and for use on ballasted 
track. 

Fig. 3 includes Detail of Section I-I and the tie b lock retainer assemblies cast in a 
concrete tie ease, and the tie block sleeve . 

Fig. 4 includes Detail of Section MI and the tie b lock retainer assemblies installed on a 
steel tie-ease, and the tie block sleeve . 

Fig. 5 includes plan view relevant to the tie block retainer assemblies, and the tie block 

sleeve . 

Fig. 6 includes Dynamic Track/Train Interaction Syst e m — Model for One Axle 
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DETAILED DESCRIPTION OF THE INVENTION 

Th e int e rnally r e sili e nt tie i s based on application of sp e cializ e d d e sign process of 
advanced dynamic traok/train interaction analysis demonstrated in the enclosed report U pgrading 
Track and Roadb e d for High Speed Operations by Jan H. Zicha. DTFR S3 - 00 P 00377, dated 
January 30, 2001, This process facilitates an expansion of the advantages of added controlled 
s prung mass e s of independent blocks to ballasted track. These advantages have been already 
d e monstrated in the cat e gory of ballastl e ss track types with indep e ndent booted blocks, such as 
Sonn e ville's LVT s yst e m that ar e e xposed to differ e nt loading regim e due to the pr e sence of firm 
structural foundations. Whil e the appearance of int e rnally r e silient tie is similar to prior art, it 
serv e s diff e r e nt function and the actual conditions of the track foundation and the nature of 
ballast e d track are r e fl e cted in a different process of design, analys e s and installation of 
s e qu e ntially install e d int e rnally resilient tics. Wherev e r foundation conditions vary, th e 
unpr e cedented options to vary spring rates of the track by varying stiffness of the bottom 
e lastomeric pad (6) with or without variation s of th e mass e s of the blocks (2) or e available to 
bring about advantages d e scribed in the Background of Inv e ntion and Brief D es cription of the 
Inv e ntion. 

Large components of the internally r e silient tie have been described in the Abstract and 
Bri e f D e scription of th e Invention and ar e apparent from e nclosed Figur e s 1 and 2. 

The tie block retainer (8) is attached to th e main body of a typical tie concret e ti c case (1) 
by its anchoring protrusion cast into the concrete of the tie case (1) shown on Fig. 1. The tie 
block retainer (16) is attached by bolted steel to steel connection to the steel tie case (1) shown 
on Fig. 2. Except for this connection, the block retainer is thread-less. Flat leaf springs (9) and 
(10) are inserted into a curved slot in a metallic insert (8) and (16). During installation, the lower 
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leaf spring (9) is inserted first and then the upper leaf (10) is driven in. It deflects and causes the 
leaf (9) to deflect as well. The leaves (9) and (10) stay within the slot by due to the thus 
introduced pre-load. An eventual shifting of the leaves that would loosen the plates is prevented 
by the pin (1 1) inserted into the aligned holes in the leaves (9) and (10) and in shoulders (8) and 
(16). For enhanced accuracy* the contact surface on the tie block's top (2) can be lowered or 
raised by inserting an adjustable thickness member (14) of an adjusted depth into the slot created 
by two members (15). 

The pin (1 1) and the leaf springs (9) and (10) can be readily removed to allow a complete 
withdrawal of the tie block from the tie fpr quality control maintenance or replacement. 

Large components of the ties that support the block retainers, and the withdrawal of tie 
blocks, boots and elastomers have been described in the Abstract and Brief Description of the 
Invention. Also, they are apparent from Figures 1 and 2. 
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CLAIMS 

25. (amended) Tho internally resilient railroad tie of olaim 23 A tie block retainer for a 
concrete tie using a releasable device for retaining tie blocks (two each) inserted in a concrete 
tie, wherein the tie block retainers comprises of a cast iron inserts equipped with an anchor 
member for anchorage in the said concrete tie, and with a curved slot at the top of the anchor 
member to receive leaf springs that are secured by a vertical pin inserted into aligned holes on 
top of the said anchor member. 

26. (amended) The int e rnally resili e nt railroad tie of claim 2 4 A tie block retainer for a 
gteql tig using a rglgasafrlg device for retaining thg tig block (tWQ Sfr gh) insgrtgd in ft steel jig , 
wherein the tig block retainers comprises a cast iron insert equipped with an anchor member 
having a threaded extension for attachment to sgid steel tie, said anchor m e mb e r havin g and with 
a curved slot at the top of the said anchor member to receive leaf springs that are secured by a 
vertical pin inserted into aligned holes on top of the said anchor member. 

27. (amended) Th e internally resilient railroad tie A tie block retainer of claim 25 
wherein a space is left between the bottom surface of the bottom leaf spring and the 
corresponding contact surface of the tie block inserted in a concrete tie so that the upward 
movement of the rail occurring at a certain distance from applied wheel load is facilitated 
without lifting the concrete tie frgBL oase of th e internally re s ilient railroad tie and without any 
other int e rf e rence with i ts contact plane on ballast. 

28. (amended) Tho internally resilient railroad tie A tie block retainer of claim 26 
wherein a space is left between the bottom surface of the bottom leaf spring and the 
corresponding contact surface of the tig block inserted in a steel tie so that the upward movement 
of the rail occurring at a certain distance from applied wheel load is facilitated without lifting the 
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steel tie jmm oase of the internally r e sili e nt railroad ti e and without any oth e r interf e rence with 
its contact plane on ballast. 

29. (amended) Block of int e rnally resilient tie of olaims 23, and 2 4 comprising A tie 
block sleeve made of electrically insulating material attached to the top of a tie the-block that is 
inserted in a railway tie in such a manner that the said block jsleeve provide? an overhang 
continuous around the said tie b loc k and wherein the said tie block sleeve protrudes outward 
and slopes downward in such a manner that the bottom side of the §aij| overhang is protected 
from directly falling rain water. 
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